The dynamics of magellanic stream (MS) as a series of clouds extend from the magellanic clouds (MCs) to the south Galactic pole is affected by the distribution and the amount of matter in the Milky Way. A quasi-steady model for the flow of the gas is used for describing the dynamics of MS. The gravitational effect of power law halo model including the corresponding disk and bulge on the MS is calculated and compared with the observation. Amongst eight Galactic models, the thick disk model has the most compatibility with the observation. The gravitational effect of MCs induces a gradient on the column density along the MS that compared with the observation results a mass of 1.4 × 10 10 M ⊙ for the MCs.
INTRODUCTION
The Magellanic Stream (MS) is a narrow band of neutral hydrogen clouds with the width of about 8
• extended along a curved path, started from the Magellanic Clouds (MCs) and
oriented towards the south galactic pole (Kuilenburg 1972; Wannier and Wrixon 1972; Mathewson, Clearly and Murray 1974) . This structure is composed of six discrete clouds with the labels of MS I to MS V I and lie along a great circle from (l = 91 • , b = −40 • ) to (l = 299 • , b = −70 • ). The radial velocity and the column density of this structure has been measured by many people. Observations show that the radial velocity of MS with respect c 0000 RAS 2.1 Power-law and logarithmic halo models Here we use a large set of axisymmetric "power-law" and "logarithmic" models for the dark halo of MW (Evans 1993 (Evans , 1994 . The gravitational field in these models is given by:
Where Ψ a = V 2 a β is the central potential. Laplace equation yields the matter density distribution of dark halo in the cylindrical coordinate system to be:
where R c is the core radius and q is the flattening parameter which is the axial ratio of the concentric equipotentials. q = 1 represents a spherical (E0) halo and q ∼ 0.7 gives an ellipticity of about E6. The parameter β determines whether the rotational curve asymptotically rises, falls or is flat. At asymptotically large distances from the center of the Galaxy in the equatorial plane, the rotation velocity is given by V circ ∼ R −β . The parameters of this model are given in Table 1 .
Luminous components of the Milky Way
The luminous components of the MW are the galactic disk and bulge. We model the density of the thin and thick disks of the MW as double exponentials (Binney and Tremaine 1987) :
where z and R are cylindrical coordinates, R 0 is the distance of the Sun from the center of MW, R d is the scalelength, h is the scaleheight and Σ 0 is the column density of the disk.
The parameters of disk model are indicated in Table 1 . The second luminous component of MW mass is the bulge. In studying the dynamics of MS, we consider the Galactic bulge as the point like mass structure with the mass of 1 − 3 × 10 10 M ⊙ (Zhao H., Mao 1996) .
HYDRODYNAMICAL MODEL FOR MAGELLANIC STREAM
There are several models for the origin and the existence of MS, such as the tidal stripping (Lin and Lynden-Bell 1982; Gardiner & Noguchi 1996; Weinberg 2000) , the ram-pressure (Moore 1994; Sofue 1994 ) and continue ram-pressure stripping (Liu 1992) . Table 1 . The parameters of eight Galactic models. The first line indicates the description of the models; the second line, the slope of the rotation curve (β = 0 flat, β < 0 rising and β > 0 falling); the third line, the halo flattening (q = 1 represent spherical); the fourth line, (va), the normalization velocity; the fifth line, Rc, the halo core; the sixth line, the distance of the Sun from the centre of the Galaxy; the seventh line, the local column density of the disc (Σ 0 = 50 for canonical disc, Σ 0 = 80 for a maximal thin disc and Σ 0 = 40 for a thick disc); the eighth line, the disc scalelength; and the ninth line, the disk scalehight.
In the tidal model, the tidal force of the Galaxy strips the HI clouds from the MCs. In this model the material between the MCs including the gaseous and stars are tron out by gravitation tidal force of galaxy into a tail, however the expected stars in the stream have not been observed. In the diffuse ram-pressure model, there is a diffuse halo around the Galaxy which produces a drag on the gas between the MCs and causes weakly bound material to escape from the region to form a tail. The discrete ram-pressure models state that density enhancements in the halo collide with the gas between the MCs and are mixed to form the
MS.
Here in this work we use the quasi-steady model ( ∂v ∂t = 0) for the dynamics of MS (Liu 1992 ). In this model MS is considered as the wake of MCs during its passage though the galactic halo. The observable parameters of this gaseous system are the radial velocity and the column density of HI clouds. In the work by Liu (1992) , the observed radial velocity and column density of MS is compared with the Isothermal halo model. Here in this work, we extend the quasi-steady model of MS flow to a general MW model (Evans 1993; Evans 1994 ) and compare with the data by (Mathewson, Clearly and Murray 1974; Brüns et al. 2005 ).
In a simple isothermal halo model, the gravitational potential is given by:
where V G is the constant circular velocity. For studying the dynamics of MS we consider MCs as the point like object which is embedded in the dark halo structure. The radial velocity of MCs can be obtained by combining the equations of conservation of energy and the angular momentum as follows (Liu 1992) :
Where v r and v θ are the radial and transverse velocities of MCs, and r is the distance of barycenter of MCs from the Galactic center, r 0 = 48 kpc at θ 0 = 0 is the minimum distance of the MS from the centre of Galaxy with the transverse velocity of v θ (r 0 ) = 320km/s.
The angular distance of MCs from r 0 can be obtained, using the conservation of angular momentum as follows:
where we let θ 0 = 0. This equation gives us the path of MCs in the isothermal halo model.
MS DYNAMICS IN THE POWER-LAW GALACTIC MODEL
Here in this section we apply the quasi-steady model of magellanic stream in the so-called power law halo model with the parameters described in Table 1 . The gravitational potential for the models B and C (q = 1) in the spherical coordinate system is:
Where Ψ a = v 2 a β . For the models A, E, F and G,
for model D,
and for model S,
Using equation (6) we can obtain the radial velocity for the models B and C as:
for the models A, E, F and G :
and for model S as: where the last terms in the equations (12), (13) and (14) are the contribution of the galactic disk and bulge in each galactic model.
is the contribution of gravitational potential of disk and bulge at r = r 0 with the corresponding masses of M d and M b . The value of u for the various galactic models is given in the Table 2 . Since the size of disk and bulge are small compared to the halo, we consider the potentials of these galactic components as the point like sources. To compare the theoretical models with the observation, we obtain the radial velocity as a function of θ, substituting equations (12), (13) and (14) in equation (7). Model D as a non-spherical halo doesn't keep the angular momentum along the offsymmetric polar paths. For this model we do our analysis in the polar coordinate system. Fig.1 shows the radial velocity feature as a function of the angular distance compared with the observations (Mathewson, Clearly and Murray 1974; Brüns et al. 2005) . We use the least square method to find the most likely Galactic models compatible with the data The value of R 2 in Table 2 shows the compatibility of models with the data is in the order of G, S, C, F , A, D, E and B. The radial distance of the barycenter of the MCs at θ M Cs = −30 • is also indicated in this Table 2 . The results from the dynamics of MCs in the steady-state model for the MS for various Galactic models. The first line indicates circular velocity due to the mass of Galactic disk and bulge; the second and third lines standard the square deviation of theoretical and observation of radial velocity for the Mathewson et al. (1974) and Brüns et al. (2005) data; the forth line is the distance of MCs at the nearest approach to the Galaxy. The collision distance of MCs with the Galactic plane is indicated at the fifth line and the corresponding time to this collision is at the sixth line. The seventh line indicate orbital time of MCs around the Galaxy.
ordered according to the minimal R 2 (see Fig. 1 ). we obtain the the path of MCs in the various Galactic models in Fig 2 .
THE GRAVITATIONAL EFFECT OF MCS ON THE COLUMN

DENSITY OF MS
The distribution of column density along the MS can be affected by the gravitational field of MW, MCs and the diffusion of gas from the MS. In this section we examine these effects and use the gradient of column density to estimate the mass of MCs.
The natural mechanism for the dilution of density of gas in the MS in the absence of gravitational field is the diffusion effect. In order to estimate an order of magnitude for the diffusion time scale, we calculate the time scale for the random walk of an atom that can pass the width of MS. The collision cross section between the hydrogen atoms inside the MS is taken to be that of the size of atom, σ ∼ 10 −20 m 2 and the volume number density of atoms n ∼ 10 4 atom/m 3 with the dispersion velocity of σ v = 3 × 10 4 m/sec. The time scale that an atom can traverse a distance L through random walk is t = L 2 v×l , where l = (nσ) −1 , is the mean free path of particles which in this medium is in the order of parsec. For R = 1kpc which is in the order of width of MS, the diffusion time scale is obtained to be about 10 11 years which is longer than the age of the universe. So the diffusion can not be the dominant effect to the change the column density along the MC. If the diffusion time was short enough, then we would expect to see more dilution for the clouds more away from the MCs.
The second effect on the gradient of column density of MS, could be the gravitational field of MW or MCs. Since the MW produces almost uniform gravitational field at 50 to 60 kpc from its center, the tidal force due to the MW can not stretch the MS at the radial direction. Liu (1992) proposed the MCs at the tip of MS makes a gradient on the gravitational field and hence produces the gradient in the density of MS. The Euler equation for the steady-state stream, considering that the speed of sound doesn't change along the stream results in:
where B is a constant depending on the boundary condition of N H , s is the length along the MCs, M is the mass of MCs and σ v is the dispersion velocity of particles at the MS. To compare the observed column density of MS with that obtained from the equation (16) we smooth the distribution of matter along the MS. The passage of MCs through an extensive hot gaseous halo can produce vortices along its path. This turbulence may cause the density enhancements in the column density of MS (Mathewson, Schwarz and Murray 1977) . Fig.   ( 3) compares the observed column density of MS with the expected ones for the various masses for the MCs. We calculate the R 2 as a function of mass of MCs, comparing with that of smoothed data. The minimum R 2 results in a mass for the MCs of the order of 1.4 × 10 10 solar mass , Fig. 4 .
CONCLUSION
In this paper we studied the Magellanic Stream as a consequence of interaction of Magellanic Clouds with the Galactic halo. Here we used the ram-pressure model where the particles of halo sweep the hydrogen gas at the MCs while moving though it. A model with a steady-state flow was used for the MS, considering it as the wake of the MCs. The path of MCs is affected by the gravitational field of Galaxy. We used the power-law halo model with the various parameters to obtain the dynamics of MCs and compared them with the observations.
Comparing the interaction time of MCs-Galaxy with the age of universe ruled out the C (small halo) and E (maximal disk) models. The fit of observed radial velocity of MS in terms of angular distance, with the Galactic models, orders them as follows: G (thick disk), S (standard halo), F (thick disk), A (medium halo), D (E6) and B (large halo).
We showed that the gradient of column density is affected by the gravitational field of MCs. We would like to thank C. Brüns providing us the recent data of Parkes HI survey of magellanic system and his useful comments. 
